Although breastmilk is adequate to meet the energy and nutrient requirements of an infant up to four to six months of age, thereafter it is insufficient to sustain normal growth and needs to be supplemented with other foods, such as weaning foods. However, the capacity of a weaning diet to meet the protein and energy requirements of infants depends on its nutritional quality as well as its dietary bulk. This review highlights varieties of weaning foods, blend formulations, nutrient requirements, process characteristics, physicochemical parameters, quality evaluation, and other important aspects of developing a weaning food that satisfies all the requirements of the infant during the vulnerable transitional stage. Traditional weaning foods of India are briefly summarized.
Introduction
When a baby reaches four to six months of age, milk alone is no longer sufficient to meet its nutritional requirements. Calories and other nutrients are needed to supplement milk until the child is ready to eat only adult foods. This is the weaning stage. Weaning is the process of expanding the diet to include food and drinks other than breastmilk or infant formula. Weaning is a time of nutritional vulnerability. It represents a period of dietary transition, just when nutritional requirements for growth and brain development are high. Introduction of different tastes and textures promotes biting and chewing skills [1] . Chewing improves mouth and tongue coordination, which is important for speech development. Failure to introduce different textures and tastes by six to seven months can result in their rejection later. Developmentally, few infants are ready to handle anything but liquid food until 10 to 12 weeks of age. Any effort to force them earlier may result in a frustrating and unhappy feeding experience for both the mother and the child. The ability to handle foods other than milk also depends on the physiological development of the infant. The appearance of salivary amylase in the saliva between two and three months of age marks the time when the infant is ready to handle more complex carbohydrates, such as starch in cereals. By four to six months of age, most infants are able to handle most proteins. The kidney tubules become efficient by six to eight weeks, after which there is less concern over the use of a high-protein, high-sodium diet [1] . Concern over the safety of food additives has focused on the use of salt. The Food and Drug Administration has restricted the use of salt to 0.25% of total weight. The concern about the use of salt centers around the theory that a young infant with an immature kidney cannot cope with the increased electrolytes that must be excreted and retains salt, with the resultant increase in fluid volume and the potential of becoming predisposed to hypertension. Studies of the preferences of infants have shown that they eat the same amount of food regardless of whether or not salt is added [1] .
Weaning foods
The Academy of Pediatrics, after a careful consideration of all the factors involved, recommends that the optimal time for introducing solid foods into the infant's diet is 21⁄2 to 3 months of age [1] . The semisolid foods given to the child at this stage are generally called weaning foods. Weaning foods are adult foods, modified by processing the ingredients to make them easily digestible by the infant. G. Sajilata, Rekha S. Singhal, and Pushpa R. Kulkarni
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The characteristics needed in a weaning food are the following [2] : » The food should be rich in calories and adequate in good-quality protein, vitamins, and minerals. » The food, when stirred with cold or warm water or milk, should form a slurry or semisolid mass of soft consistency, enabling the child to swallow it easily. » The prepared food should have low dietary bulk. » The food should be precooked and predigested or processed in such a way that it needs minimum preparation prior to feeding and is easily digested by the child. » The food should be free from antinutritional factors and low in indigestible fiber content. » It is advisable not to add artificial colors and flavors to weaning foods, and the composition of the food must follow the guidelines and standards recommended by competent agencies, such as the Bureau of Indian Standards. According to the guidelines of the Protein Advisory Group, weaning foods should have a protein content of at least 20% (on a dry weight basis), a fat content of 10%, a moisture content of 5% to 10%, and a total ash content of not more than 5%. A nutritionally adequate weaning diet is essential for achieving optimal growth in the first year. Growth in the first year influences both the well-being of the child and the long-term health of the adult. As the infant's digestive capacity develops, the strained foods of early infancy can be replaced by less finely chopped foods, with a final transition to table foods. The low acidity of the stomach of young infants is conducive to the growth of microorganisms that facilitate the conversion of nitrates to nitrites, which, when absorbed, will in turn cause the conversion of hemoglobin to the abnormal methemoglobin, with reduced oxygen-carrying capacity. Since the infant lacks the enzyme necessary to reform hemoglobin, it is advisable to minimize the ingestion of nitrates in the first few months of life. The use of vegetables such as spinach, broccoli, and beets, which are high in nitrates, should thus be avoided early in life.
The first weaning stage lasts from four to six months. Suitable first weaning foods include vegetable and fruit purees, nonwheat cereals, and unsweetened yogurt [3] . The quantity, consistency, flavor, potential allergenicity, and preparation of first foods all need to be considered. Only tiny quantities are required initially. The small quantity of food consumed in the first stage of weaning is of little nutritional value. Breastmilk or infant milk formula will remain the major source of nutrients until a fully mixed diet is achieved. The aim is to accustom the infant to taking food from a spoon. Increasing the quantity of solid food given and the frequency with which it is offered depends on an infant's willingness to take it, but solid food should be accepted two or three times per day by about six months of age. First foods need to have the consistency of a thin, smooth puree to allow the baby to use the sucking reflex. Purees should be thickened gradually as the baby develops the ability to move food to the back of the mouth. Salt should not be added to weaning foods, and sugar should be used sparingly. Adding sugar appears to encourage a preference for sweet foods, which can contribute to excessive weight gain. Unsweetened cereals and yogurts should be encouraged. First weaning foods should be bland and smooth, but once food is accepted from a spoon, introduction of foods with a variety of different tastes should be encouraged. The period from four to six months is thought to be one when infants will accept any new taste, and familiarity at this stage prevents food rejection later. Introduction of new foods one at a time is only considered advisable when there is a strong family history of allergy, but the gradual introduction of new foods may facilitate taste differentiation.
Current guidelines recommend that cereals given to infants less than six months old should preferably be gluten-free. When there is a family history of celiac disease, further delay in the introduction of glutencontaining foods may be considered appropriate.
The following foods containing gluten are not generally advised before six months: most rusks, whole or ground, wheat-based cereals, oats or oat cereals, multigrain cereals, and all varieties of bread.
Infants are most vulnerable to developing food allergies in the first month of life, and the risk of allergy is greatly increased by a family history of atopic diseases such as eczema and asthma. For these at-risk infants, potential food allergens should be avoided until at least six months of age. Common food allergens include cow's milk, eggs, citrus fruits, nuts, wheat, and fish [4] . Both homemade and commercial baby foods have a place in the infant's diet. The use of appropriately prepared homemade foods should be encouraged, but recent research shows that they are not always nutritionally sound. Commercial products are convenient, and their contents conform to strict compositional guidelines. The first-stage weaning foods include smooth pureed fruits except those with seeds, such as raspberries; all pureed vegetables except fibrous vegetables, such as celery; cooked, mashed pulses except those with tough skins; meat; and unsweetened yogurt.
The second weaning stage is from six to nine months. During this stage, the baby should be encouraged gradually toward a pattern of three meals per day. Encouraging as varied a diet as possible is the best means to ensure an adequate intake of all nutrients. By six months of age, infants should be offered textured food and soft lumps [3] . Failure to do so may lead to refusal to eat "lumps" and disinclination to chew. The consistency of the food should change gradually from soft lumps to a mashed texture. Finger foods given from around seven months of age encourage chewing. Suitable finger foods include toast fingers, cheese cubes, and vegetable sticks. Salt should not be added to food or cooking water, but after seven to eight months, a small amount of salt in cooked dishes is not a cause for concern. Sugar should not be added to foods except to make sour fruits palatable, and attention should be drawn to the fact that honey, fructose, syrup, malt, and concentrated fruit juices are as harmful as sugar to incoming teeth. Artificial sweeteners are not permitted in manufactured baby foods. Solid foods made from milk and dairy products, meat, fish, vegetables, bread, cereals, potatoes, fruits, and fatty foods such as butter and margarine are suitable. The use of homecooked foods, after suitable alteration of their consistency, is to be encouraged from six months onwards. Manufactured foods continue to offer convenience for occasions such as traveling, but home-made foods should be given whenever possible.
The third weaning stage is from 9 to 12 months. After 9 months, a pattern of three meals per day is appropriate [3] . Food should progress from mashed to minced to a finely chopped texture. Finger foods should be given, and a wide variety of foods should be eaten unless there is a required dietary restriction.
Recommended daily dietary allowances for infants
The daily dietary allowances recommended by the National Academy of Sciences, USA, for infants are shown in table 1 [5] . Table 2 shows the estimated amino acid requirements for infants [6] . Table 3 summarizes the intakes recommended by the World Health Organization (WHO) with respect to protein, vitamins, and minerals [6] .
The report by a panel on dietary antioxidant and related compounds was released in mid-April 2000 [7] . The list of 17 dietary reference intake (DRI) nutrients (table 4) includes 3 macro minerals (calcium, phosphorus, and magnesium), 2 micro minerals (fluoride and selenium), 10 water-soluble vitamins (9 B vitamins and vitamin C), and 2 fat-soluble vitamins (vitamins D and E). There are six other nutrients for which the 1989 Recommended Dietary Allowance (RDA) will continue to stand (table 1) until revised: protein, 2 fat-soluble vitamins (A and K), and 3 micro minerals (iron, zinc, and iodine).
Requirements of weaning foods

Concept of calorie density or dietary bulk of foods [2]
The amount of calories in a quantity or volume of a food preparation is called the calorie density of the food, and is a good index for comparing the true value of different foods. Because people consume food more according to volume than to weight, it is the calorie content per unit volume (milliliters or liters) that is generally more important than the calorie content per unit weight (grams or kilograms). The calorie density is very important in the preparation of weaning foods. The stomach capacity of babies is limited, so they cannot eat more than a certain amount in one feeding. There may also be difficulty in feeding the baby too many times in a day. Therefore, it is important that the calorie density in the weaning food preparation should be as high as possible so that the baby will get sufficient calories and other nutrients in a small number of feedings. If the weaning food contains largely unchanged starch, the food will absorb a large amount of water and swell when cooked, resulting in a very low calorie content of the final food preparation [4] . The concentration of ingredients in a prepared gruel is a function of the consistency or viscosity of the product that can be fed, which in turn is related to the functionality of the product ingredients, particularly starch. Products having their starch gelatinized and intact will produce thick gruels at relatively low concentrations of solids and, as a consequence, will have a low calorie density.
The minimum energy densities of complementary foods have recently been estimated, taking into account the age and gastric capacity of infants, the number of meals per day, and the quantity of breastmilk consumed [8] . These estimates indicate that gruels should have minimum energy densities of 77 and 116 kcal (322 and 485 kJ) per 100 g in order to meet the energy requirements of well-nourished infants 9 to 11 months of age with average breastmilk intakes, receiving, respectively, three and two meals a day. These minimum energy densities are lower for adequately breastfed 6-to 8month-old-infants (59 and 88 kcal, or 247 and 368 kJ, per 100 g, respectively) but are higher for infants with low breastmilk intakes, for growth-retarded infants, and for children 12 to 23 months old.
Weaning foods are almost always shear thinning fluids. Nout [9] has proposed that infant gruels must have an easy-to-swallow semiliquid consistency ranging from 1 to 3 Pa•s (pascal-seconds). Gopaldas et al. [10] reported that Indian mothers preferred to feed older children (10 months or more) thicker porridges with viscosities ranging between 2 and 6 Pa•s, rather than free-flowing gruels (1 Pa•s) like those fed to younger children.
Methods to increase the calorie density of weaning foods
Most of the first supplementary foods introduced are prepared from cereals or starchy roots, commonly mixed with water. Starch granules become gelatinized when they are cooked, making the food mix viscous and difficult to feed to infants. Hence, the infants' food intake becomes inadequate to satisfy their nutritional requirements. One possible solution is to reduce the dietary bulk of the weaning foods without significantly reducing their nutritional value. Malting, a traditional processing method, reduces viscosity due to amylolytic breakdown of starch and thus reduces bulk. The addition of 5% malted barley flour to the weaning food after it has been drum-dried reduces the viscosity of the gruel. However, when amylase is added prior to drum drying of the ingredients, there is a reduction in the biological value of proteins and reduced lysine availability. At commercial levels, instead of malt flour, fungal amylase at a level of 0.2% may be added [2] . Roller drying is known to decrease the formation of resistant starch as compared with boiling or pressure cooking [11] . Although fat can add more calories, the fat content cannot be increased beyond a certain limit because fat may spoil the taste of the food, make it difficult to digest, and impair its keeping quality [2] . Evaluation of food-intake studies in young children [12, 13] indicates that the weaning diet must have an energy density of about 1.0 kcal/g to satisfy energy requirements [14] . Human milk has an energy density of about 0.7 kcal/g [15] , and it is therefore reasonable to assume that the energy density of a weaning diet should be at least 0.7 kcal/g and preferably should be about 1.0 kcal/g [16] . It is desirable to aim at gruels that have a calorie density of at least 1 kcal/ml of gruel. Thus, 100 ml of gruel would provide about 100 kcal [17] .
Requirements of nutrients in weaning foods
The chief carbohydrate in milk, lactose, helps in the absorption of calcium and phosphorus and in maintaining normal intestinal microflora. Other carbohydrates commonly added to infant-feeding mixtures are sucrose, malt-dextrin mixture, invert sugar syrups, and dextrose [18] . The amount of increase in fasting blood sugar after the ingestion of different carbohydrates is in the following order, starting with the highest: glucose, dextri-maltose, honey, sucrose, fructose, and lactose. Sucrose is commonly added because it has the advantage of being digested and absorbed more rapidly than lactose, although less rapidly than glucose and maltose. Because it is too sweet, a mixture of dextri-maltose and sucrose could be used. The United Nations Protein Advisory Group suggests an upper limit of 5% crude fiber in supplementary foods [19] .
The protein content in milk-cereal blends of followup formulas and weaning foods as recommended by the Codex Commission [20] should be 3.0 to 5.5 g/100 kcal. According to the Food and Agriculture Organization and the World Health Organization (FAO/ WHO) [14] , the RDA for reference protein during infancy is 14 g/day, and the net dietary protein (NDP) calories percent values are 8.0% and 7.8% for infants and toddlers, respectively [21] . The Protein Advisory Group recommends a minimum protein efficiency ratio (PER) of 2.1 [22] and a net protein utilization (NPU) of not less than 0.6 [23] .
The amounts of ingredients required to give the best possible protein value (i.e., amino acid score) are presented in table 5 [24] , although the total protein contents may differ.
Medium-chain triglycerides (MCTs) are digested, absorbed, transported, and metabolized differently, and because of their unique properties they have been found useful as substitutes for conventional edible fats and oils in weaning foods, especially in cases of malabsorption [25] [26] [27] . The value used to calculate the calorie energy contribution of MCTs in a diet is only 6.8 kcal/g [25] .
The fat content of milk-cereal blends of follow-up formulas and weaning foods recommended by the Codex Commission [20] is 3.0 to 6.0 g/100 kcal. The linoleic acid content in baby foods meeting the FAO/ WHO Codex standard should be 300 mg/100 kcal [22] . Linoleic acid is a dietary essential, and its deficiency in infants may cause drying and flaking of the skin, poor growth, and lowered resistance to infections [28] .
The minimum requirement for linoleic acid is 4.5% of the calories consumed [3] . The desirability of adding vegetable oils rich in polyunsaturated fatty acids (PUFAs) to increase the linoleate content of infant formulas is well established. PUFAs play a nutritional role in the development of the central nervous system during infancy. With an increase in the level of unsaturated fatty acids in the formulations, the products become more susceptible to oxidative deterioration. The higher ambient temperatures in tropical countries bear a special significance with respect to oxidative changes in PUFA-rich products. Methyl siloxane is therefore used as an antioxidant. The oxidative stability of vegetable oils is on the order of those of milk fat and coconut oil, which are greater than that of palm oil, which is greater than that of groundnut oil, which is greater than that of safflower oil. Dried skim milk increases the oxidative stability of groundnut oil, decreases that of palm oil, and has no effect on that of coconut and safflower oil [29] . Iron is one of the most important mineral requirements of infants. The amount of iron storage at birth depends on the adequacy of the mother's diet, the length of gestation, and the amount of blood received by the baby. The infant born at term of a healthy, wellfed mother will maintain a good hemoglobin level at least up to six months of age. If the infant receives some iron-containing foods daily after the fourth month of life, probably no other supplements will be necessary [30] . An infant receiving only the iron in milk will show a slow decrease in hemoglobin level during the second half of infancy, and if the infant's original iron store is poor, iron-deficiency anemia will occur in late infancy. Iron supplements given to infants three to six months of age (5 mg of iron daily, ferrous form) and to older infants (10 mg daily) prevent the development of iron-deficiency anemia. The RDAs for calcium, magnesium, sodium, potassium, iron, copper, and zinc for six-month-old infants are 600, 60, 200, 700, 10, 0.6, and 5 mg, respectively [5] . A high calcium intake may inhibit the intestinal absorption of iron, zinc, and other essential minerals [31] . A high intake of magnesium impairs renal function, resulting in magnesium retention, which is associated with hypermagnesemia, including nausea, vomiting, and hypotension [5] .
Taurine is a sulfur-containing nonessential amino acid. It is an antioxidant and neutralizes free radicals. It helps to raise calcium levels in the body by transporting calcium (and sodium) ions across the intestinal wall into the bloodstream. It is also a component of bile, which is essential for the digestion of fats, the absorption of fat-soluble vitamins, and the control of cholesterol levels. Taurine is produced in the body from cysteine with the help of vitamin B 6 . It is thought to have an inhibitory action on epilepsy and has been used to reduce seizures. Its inhibitory action can also help counteract anxiety and stress, especially when it is combined with histidine and glycine. Supplementation of weaning foods with taurine improves fat absorption and leads to increased growth in terms of both weight gain and bone growth. The biologic functions of taurine are bile acid conjugation, reduction of platelet aggregation, enhancement of cardiac contractility, enhancement of growth, and enhancement of insulin activity. As regards its influence on the heart, taurine acts as an antiarrhythmic agent, an osmotic agent, and a hypotensive agent [32] .
Carnitine is the betaine of β-hydroxy-aminobutyric acid; it is a nonessential amino acid that plays a part in the oxidation of fatty acids by facilitating their transport across the mitochondrial membrane [33] . Choline, a potent lipotropic substance and a constituent of phospholipids such as the lecithins and sphingomyelins, has important physiological functions. It helps in the formation of phospholipids in the liver, and thereby the disposal of triacylglycerols as lipoprotein complexes and the prevention of fat infiltration of the liver, and is also needed for the formation of acetylcholine, one of the chemical mediators of nerve activity [34]. Biotin plays a central role in fatty acid synthesis as the coenzyme for acetyl coenzyme A carboxylase and is an essential factor in the processes and maintenance of normal metabolism. In biotin-deficient infants, dermatitis develops, usually in breastfed infants [35] , associated with persistent diarrhea. Beneficial effects from the treatment of seborrheic dermatitis of infants and Leiner's disease with biotin have been reported both in the United States and in Europe. Inositol is generally regarded as a lipotropic agent with the ability to prevent deposition of fat and hasten its mobilization from the liver. Phosphatidylinositol has the role of a messenger for some hormones [33] . It also forms a complex with tocopherols needed for proper storage of creatine in the muscle. According to recommended nutrient densities, a weaning food should provide 12% of its calories from protein, 30% from fat, and 58% from carbohydrates [36] . According to current recommendations, a complementary food should contain at least 15 g of protein per 100 g dry weight, and about 21% of its energy should come from fat [8] . An imbalance of calories from different nutrients may affect the quality of the diet. The Codex Alimentarius states that when a supplementary food for older infants and young children is supplemented with one or more nutrients, the total amount of the added vitamins and minerals should be at least two-thirds the reference daily requirements per 100 g of the food on a dry-matter basis [37] Weaning foods with improved nutritive value can be prepared by using cereal-legume blends, fermented and germinated cereals, and legumes. Weaning foods could be improved by using flours that complement each other in such a way that the pattern of amino acids created by this combination is similar to that recommended for infants.
Quality standards of weaning formulas [38]
The immunity of young infants against various infective agents is almost absent. Infants who are undernourished or otherwise sick are in an even worse situation. Such children are therefore particularly liable to food-borne bacterial, viral, and helminthic enteric infections, which cannot be controlled effectively by vaccination. Hence, the only mode of control is to feed such infants exclusively with microbiologically wholesome commodities.
However safe the dried formula may be, the infant may nevertheless be exposed to massive infective doses of organisms, especially if the water used for reconstitution is not of impeccable microbiological and chemical quality. Further, the most difficult aspect of quality assurance is the avoidance of microbial proliferation subsequent to reconstitution, because this rests with the mothers. This danger can be overcome by supplying only acidified formulas, where mishandling would at worst lead to spoilage by lactic acid bacteria, yeasts, and occasionally molds, but virtually never to the growth of pathogenic bacteria. Inclusion of sufficient citric acid or tartaric acid in the formulas will reduce the pH of the liquid food to below 4.5. The microbiological specifications for UNICEF weaning formulas and other specifications are described in table 6.
Generally, not more than 2 out of 10 samples tested should show counts in excess of the limits aimed at, and none should exceed the maximum limits tolerated. Table 7 shows the Bureau of Indian Standards specifications for milk-cereal based weaning foods [39] . Lancefield D streptococci, per 1 g < 10 2 < 10 3 9
Clostridium species, per 1 g < 10 < 10 2
Commercial preparation of weaning foods
All the commonly eaten cereals are used in weaning foods. In the draft standard of the Codex Committee, the ingredients are listed as flours of one or more cereals, such as wheat, rice, barley, oats, maize, millet, sorghum, and buckwheat, and also groundnut, sesame, soybean (defatted or low-fat), and other legumes [40] . When legumes are used, sufficient heat processing is included to destroy the heat-labile antinutritional factors. Particular care must be taken with respect to phytic acid levels in such preparations. Optional ingredients include protein concentrates and amino acids, fruits, nutritive sweeteners, malt, milk or milk products, fats and oils, salt (including iodated salt), and spices. Vitamins and minerals may be added in accordance with the legislation of the country in which the food is sold [40] . The nonmilk, cereal-based weaning foods are usually intended to be eaten with milk, and the protein content of the food eaten is therefore greater than that of the formulation. Since cereals are mostly limited by lysine, and milk contains a surplus of this amino acid, there is a complementation between the two foods so that the nutritional value of the mixture is high.
Canned baby foods are defined by the Codex Committee as products prepared from any nutritive material commonly used as a food ingredient. They are foods intended for use during the normal weaning period and for the progressive adaptation of infants and children to ordinary food. Optional ingredients include spices, protein concentrates, vitamin and mineral supplements, and salt, with a tentative maximum of 0.25 g per 100 g. The levels of vitamins and minerals are subject to the legislation of the country of sale [40] .
Strained foods are defined as those consisting of fairly uniform, small particles of a size that does not require and does not encourage chewing before being swallowed. Junior foods ordinarily contain particles of a size to encourage chewing by infants and children. The preparation of canned and strained meats, fruits, and vegetables is shown in figures 1 and 2.
Some strained fruits and vegetables contain modified cornstarch or tapioca starch. In such cases, the starch is cooked for a short time with the puree before canning.
As with all infant foods, the ingredients must be practically free from pesticide residues and the food must not be exposed to ionizing irradiation. The foods should conform to the limits specified for toxins, trace elements, heavy metals, and solvent residues.
Many vegetables, such as beets, cabbage, broccoli, cauliflower, and rhubarb, contain more than 1,000 ppm of nitrate. Nitrates themselves are nontoxic, but they are converted into toxic nitrites during storage. Their effect is due to oxidation of the ferrous iron of the red blood cells to the ferric state to form methemoglobin; when more than 5% methemoglobin is present in the blood, light cyanosis becomes obvious, and when the concentration rises to 70% of the total blood pigments, death occurs from asphyxia. Cases of methemoglobin toxicity have been reported in infants after eating spinach. The Joint FAO/WHO Committee [40] recommends that nitrate not be added to baby foods and that water of high nitrate content not be used.
The addition of ascorbic acid to spinach reduces the number of bacteria responsible for the reduction of nitrate. Spinach used for infant feeding should not contain more than 300 mg of nitrate per kilogram. Some authorities have suggested that spinach should not be fed to very young infants [40] .
Salt is usually added to manufactured foods to suit the palate of the mother rather than that of the baby, and the fear is that if none is added, the mother will add an uncontrolled amount. It is therefore suggested that in order to exercise some control, manufacturers should add salt with an upper limit of 0.25% [40] .
For commercial preparation of weaning foods, the most commonly adopted methods are roller drying and extrusion cooking.
Roller drying [2]
Preparation of weaning foods by roller drying (fig. 3) is extensively practiced throughout the world. The basic ingredient, such as polished rice or wheat flour, is mixed with chickpea (Cicer arietinum L.) or defatted soy flour, sugar, and milk powder. The blend is mixed with cold water (about 30% slurry) and homogenized. The slurry is allowed to flow on two stainless steel drums heated by live steam (approximately 5 kg/cm 2 pressure) and rotating in opposite directions at 3 to 10 rpm. In the process, the ingredients are cooked and dried at the same time on the drums, and the resulting product is a flaky material. It is powdered and blended with vitamins and minerals and packed in airtight tins.
The process allows for the use of a wide range of materials; using polished or refined grains can regulate the fiber content of the food. The finished product is fully cooked so that cooking before feeding is not needed. The product mixes well when stirred with water or milk and becomes a soft mass. The heat treat- However, the process has some disadvantages. The product needs a large package because it is fluffy and very light in weight. It is hygroscopic, i.e., it absorbs moisture or water when exposed to high humidity or a damp atmosphere. Hence, it needs to be packed in tins or other materials that protect it from moisture. Such packaging is expensive and increases the cost of the product. The product absorbs a large quantity of water when prepared for feeding and becomes bulky; however, the dietary bulk of the food can be reduced using malt enzymes. The severe heat treatment slightly reduces the nutritional quality of the protein, because lysine, the nutritionally important amino acid, binds with sugar and becomes unavailable. The process involves the use of sophisticated and expensive machinery, requiring a high capital investment. The addition of 2.5% barley malt flour or 0.15% fungal α-amylase to a proprietary brand of roller-dried weaning food reduced the paste viscosity of a 20% slurry from 15 to 1 Pa•s [38] .
Extrusion cooking [2]
An extrusion cooker is basically a pump that simultaneously transports, mixes, cooks, cuts, stretches, and shapes the material under high pressure and temperature. It consists of one or two screws that rotate in a tightly fitting barrel with a disk, in which a die of the desired shape can be fit at the outlet. The ingredients for the weaning food (cereal flours, legume flours, milk, and sugar, mixed together) are moistened to contain about 20% moisture, and the mixture is fed into the extruder. It begins to be compacted, and it becomes heated to about 120°C from the high friction. The material is cooked and thoroughly mashed, and it finally comes out through the die in the form of a dry, fluffy strip. The product is powdered and blended with the necessary vitamins ( fig. 4 ). According to Tomas et al. [43] , in the case of wet extrusion of rice flour, the maximum amount of starch is hydrolyzed when 600 g of water is used per kilogram of rice flour. The amount of α-amylase mixed in the feed slurry can be between 0.1 and 1 g per kilogram of rice flour, and the temperature between 70° and 100°C.
Extrusion cooking is a versatile process. The product is fully cooked and ready to eat. It mixes well with water or milk. As in roller drying, the process permits the use of a variety of ingredients. Because the drying step is almost avoided, the process is economical as compared with roller drying, but the equipment is very expensive. The process has almost all the advantages and drawbacks of roller drying. Further, for extrusion-cooked infant foods, the milk proteins should be blended into the infant foods after the balance of the formula has been extrusion cooked. High-temperature extrusion cooking will result in a lower biological value of the protein if it is cooked in the presence of milk proteins. When extrusion-cooked foods contain milk proteins, it is desirable to use maximum extrusion temperatures of 250° to 280°F. Higher extrusion temperatures can result in some reduction in NPU, probably due to partial tieup of lysine by thermal bonding of milk sugars with amino acids [44] . It is suggested that reduced processing time, high feed ratio, lower processing temperature, and increased moisture content increase the protein nutritional value of the product [45] .
Fortification of commercial weaning foods
Fortification of weaning foods serves to correct the nutritional deficiency of the average diet, thereby improving the health of the child. Lower contents of various nutrients per se and their poor bioavailability necessitate their addition to the weaning foods. The method of addition of vitamins is dependent on the processing system and preferences: e.g., vitamins must be added before the heat-processing steps in the preparation of canned fruits and vegetables, whereas in flaked cereals they are added after processing. Oxygen, humidity, heat, acids, redox agents, and light can affect vitamins. Furthermore, other components of foods, such as heavy metals, can interfere with the stability of some vitamins. Technology exists to prevent losses, but losses cannot be totally avoided. To ensure that the food contains the declared vitamin levels when it is ingested, the food industry adds extra nutrients to compensate for losses during processing and over the shelf-life of the finished product [46] .
It is easier to add vitamin A in an oily solution to the food before drying. However, water-dispersible, dry stabilized vitamin A beadlets, palmitate or acetate, can be used to fortify infant foods. These are very stable for long periods of storage and form a dispersion in hot water. Vitamin D is available in oil and dry forms similar to vitamin A. Vitamin C, if added in dry form to weaning food, maintains its potency, but if it is added in solution to the wet material before drying, then, in addition to the destruction during drying, which will vary with the severity of the conditions, the vitamin left in the finished dried product will be very unstable. The method of choice is therefore to add vitamin C as a powdered solid to the finished dried product or to use it in stabilized form. The B vitamins usually added to weaning foods are thiamine, riboflavin, and nicotinic acid [40] . Pyridoxine, pantothenic acid, folic acid, and vitamin B 12 are added to a small number of special foods, but one or more of the first three mentioned are added to most weaning foods. They are far more stable when added in the powdered form to the already dried food. Thiamine is commercially available both as mononitrate and as hydrochloric acid salts. The latter is more soluble in water (50% vs. 2.7%). Riboflavin causes a few problems in food fortification because of its poor solubility and intense yellow color. A more soluble analogue, riboflavin 5' phosphate, has a solubility of 3% to 5% in water. Niacin is commercially available both as nicotinic acid and as nicotinamide. The amide has a bitter flavor but is preferred because of its superior solubility [40] . It is possible to microencapsulate the fat-soluble vitamins in order to get them into a water-soluble powdered form and to protect them from oxygen and other components of food. These powdered forms can be mixed with water-soluble vitamins and added to foods [46] .
The technical problems in mineral fortification pertain more to organoleptic properties and bioavailability than to stability of the compounds per se or to methods of incorporation in foods [47] . Large amounts of calcium and magnesium salts are required to obtain nutritionally significant levels of these minerals. These rather large quantities can produce chalky flavors, sandy mouth-feel, opacity, sediment, and color changes in foods [48] . The commonly used calcium salts are calcium phosphate dibasic, anhydrous Ca (HPO 4 ), calcium phosphate tribasic, and calcium carbonate. The poor solubility suggests poor absorption as compared with soluble salts such as calcium gluconate and calcium lactate. However, the soluble calcium salts have reactivity and an undesirable flavor. Fortification with magnesium is done using magnesium oxide and magnesium phosphate dibasic. Phosphorus fortification is not necessary when calcium phosphate is used for calcium fortification. Although a dietary shortage of phosphate appears to be extremely unlikely, the Codex Alimentarius Committee suggests that complete infant foods should contain phosphate in amounts such that the ratio of calcium to phosphorus is 1:1.2-2. This suggestion is made to assist the absorption of calcium rather than to provide a source of phosphate [40] . For the addition of iron, stable soluble complexes of iron (ferric ammonium citrate) and soluble ferrous compounds (sulfate, fumarate, and lactate) are nutritionally preferred sources. Ferrous sulfate catalyzes fat oxidation, and it produces greenish tints and has a metallic flavor. Ferric orthophosphate and sodium ferric pyrophosphate have been used commercially to fortify infant foods.
Nutrition labeling regulations
Nutrition labeling is an approach to help consumers understand nutrition and select foods wisely in the marketplace [49] . The US Food and Drug Administration originally advanced this voluntary approach in 1973.
Nutrition labeling is voluntary except when a nutrient is added to a food product or when a nutritional claim is made for a food. Nutrition information on the label includes serving size, servings per container, and calorie, protein, carbohydrate, and fat content. Provisions are made for declaring sodium, cholesterol, and saturated and polyunsaturated fatty acid content.
The eight mandatory nutrients are protein, vitamin A, vitamin C, thiamine, riboflavin, niacin, calcium, and iron, in that order, and they must be expressed as a percentage of the US RDAs, which are listed in table 8 [50] . These are slightly higher than those recommended by the National Academy of Sciences (table 1) . Optional nutrients, which include vitamin D, vitamin E, vitamin B 6 , vitamin B 12 , folacin, phosphorus, iodine, magnesium, zinc, copper, biotin, and pantothenic acid, may be listed; they must be listed (mandatory) when they are added to a food.
Percentages of the RDA must appear on labels expressed in the following increments: 2% increments up to 10% of nutrient per serving, 5% increments from 10% to 50% per serving, and 10% increments above 50% per serving. Thus, if a serving contains 23% of the US RDA for niacin, the label may declare only 20%. If the level of nutrient is below 2% of the US RDA, this may be stated or a zero may be indicated.
For nutrients naturally present in a product, analytical values may equal or exceed 80% of the label claims. Analytical values for calories, carbohydrates, fat, saturated fat, cholesterol, and sodium must not exceed 120% of label claims. If vitamins or minerals are added to a food so that a serving contains 50% or more of the US RDA for any one, such a food becomes a dietary supplement and is specially regulated as such. If vitamins or minerals bring the serving to 150% or more of the US RDA for any one, the food is classified as a drug and is subject to drug regulations.
Preparation of weaning foods based on some traditional technologies in India [2]
Malting of cereals and legumes
The process of malting has many technological and nutritional advantages for weaning food preparation. Finger millet or ragi (Eleusine coracana) and green gram (Phaseolus radiatus) possess some special characteristics with regard to their malting qualities and suitability for preparation of weaning foods. Malting of ragi does not pose problems such as mold growth as is observed with jowar (Sorghum vulgare) or bajra (Pennisetum typhoideum). Ragi malt has an acceptable taste and desirable aroma, and it keeps well. Ragi contains high levels of calcium, and its protein is rich in methionine.
At the household level, the practice followed is generally to germinate cleaned ragi for one to three days, and the sprouted grains are then dried, toasted, and powdered to obtain the malt flour. The malt flour is cooked in the form of porridge and fed to the child. This method of preparation of malt flour has a few drawbacks: steeping ragi for less than 10 hours is insufficient to hydrate the grains fully, as required for proper germination; wrapping the soaked grains tightly prevents proper germination or sprouting, because it affects aeration and rootlet development; grinding of roasted germinated grains with the roots and shoots increases the fiber content of the food, and the food tastes bitter; and sieving through a fine sieve results in a very low yield. Considering all these points, the recommended method for preparing ragi malt for use in weaning foods is shown in figure 5 .
Chapati/roti-based weaning food [2]
It is better to polish the grains and use the debranned or polished flours for preparation of weaning foods so that the fiber content of the final product is low. Flour from toasted or popped split green gram dal flour alone or a mixture of green gram and Bengal gram flours may be used as legume ingredients. Cereal flours blended with toasted green gram flour in the ratio of 70:30 or 70% cereal flour mixed with 20% toasted green gram dal flour and 10% popped split chickpea dal flour should be used for making roti ( fig. 6 ). Popped chickpea flour improves the palatability of the food. Fresh rotis, which contain 25% to 35% moisture, can be soaked in milk to soften them or mashed to give to the child immediately after preparation. Chapatis dried hygienically in the sun or on a baking pan can be powdered, packed, and stored in tins for use. When the powdered meal is added to milk or water and cooked, a paste is obtained. The addition of milk powder to the dry food enhances its taste and nutritive value.
Vermicelli-based weaning foods [2]
Generally, vermicelli is prepared from wheat rice, jowar, maize, or millet flours. Vermicelli can be prepared from a blend of polished cereal and legume flours to give a very nutritious product. Dough prepared from the mixture of flours should be steamed and extruded through a perforated die of a hand-operated press. The strands are called vermicelli. Alternatively, the dough may be extruded and the strands steamed or cooked. For storage, the strands can be dried with hot air. The dried vermicelli should be powdered and stored ( fig. 6 ). The food mixes well with water or milk and becomes a soft mass. Jowar and rice are more suitable ingredients.
Rice flakes-based weaning food [2]
Rice flakes (poha or beaten rice) should be cleaned and toasted mildly to lower their moisture content and increase their crispiness, and then powdered. The flour (70%) should be mixed with toasted green gram flour (20%) and puffed chickpea flour (10%) to make the weaning food ( fig. 7 ). The food should be cooked in milk or water before feeding.
Popped cereal-based weaning food [2]
Popped or puffed products from cereal grains such as popcorn, puffed rice, popped jowar, and even popped ragi flour can be used as a base material for weaning food formulations ( fig. 7 ). Popped grains should be powdered and blended with toasted green gram and popped chickpea flour in proportions of 70:20:10. Popped cereal-based weaning foods are hygroscopic and become soggy when exposed to the atmosphere. Hence, they must be stored in closed tins. Because it is difficult to debran popped grains or to pop the dehusked grains, the fiber content of popped cerealbased formulations is generally high. 
Sattu: a traditional weaning food [51]
Traditional sattu is a mix of Bengal gram, wheat, and jaggery (crude brown sugar). The Bengal gram and wheat are usually combined in a 1:3 proportion. Jaggery is added as required. For a food mix, wheat and Bengal gram are roasted and powdered separately, then mixed and stored. To prepare sattu as a porridge, the required amount of jaggery is dissolved in 220 to 240 ml of warm water, and 30 to 50 g of sattu mix is added and mixed well. Sattu of improved nutritional quality using Bengal gram dal, green gram dal, wheat, soybeans, and groundnuts has been attempted.
Banana-based weaning foods [2]
Bananas or plantains are fed to weaning children extensively in Kerala and Assam, and also in many African countries. Normally a special variety of banana (nendra) is used. Mashed and cooked banana pulp is mixed with rice and fed to the child. If bananas that are just ripe or nearing ripeness are peeled and the pulp is sliced and cooked in thin rice gruel, then dried and powdered, a banana flour is produced that can be stored for some time (fig. 8 ). The banana flour may be mixed with processed cereal (malted, popped, expanded, or flaked) or legume (toasted or popped) flours. 
Cereals
Varieties of weaning foods
A variety of weaning foods have been developed containing rice, chickpea, and red gram [52] , amaranth (Amaranthus paniculatus L.), chickpea and green gram [53] , finger millet [54] , soy and whey [55] , and split pea and ham [56] . Processes for these are described in figures 9 to 13. Other varieties of weaning foods have been reported [57] [58] [59] [60] [61] [62] [63] .
To reduce the bulk of gruels from popped and roller dried foods, 95 g each of the foods can be mixed with 5% barley malt. These are called popped weaning food with malt (PWFM) and roller dried weaning food with malt (RWFM). Germination of barley for 48 hours enhances its amylase activity substantially, resulting in a considerable reduction in viscosity.
Sprouting chickpea for about 24 hours reduces its content of flatulence-causing oligosaccharides and improves protein and carbohydrate digestibility. Kilning barley (green malt) at about 65°C and chickpea at 80°C for about 45 minutes improves the taste and gives a desirable aroma without seriously affecting amylase activity. Kilning also reduces the microbial load of the product considerably. To formulate low-bulk weaning foods of finger millet, sorghum, and wheat, two-day malted cereals are blended with one-day malted legumes.
A blend of amaranth seeds (28.8%), pearled oats (28.7%), soybeans (16.1%), sucrose (18.3%), and vegetable oil (5.6%) has the following approximate composition: protein 17.2%, fat 15.2%, carbohydrate 61.1%, crude fiber 1.9%, ash 2.6%, and moisture 1.7%. The PER is 2.9 [64] . Toasted amaranth flour increases the nutritional quality of maize and grain amaranth in preparations and can enhance the protein and lipid content of the diet significantly. Different formulations can be prepared from cereal, amaranth, spinach, and skim milk powder [65] . A high-quality weaning food from maize-cowpea-crayfish mixtures was proposed by Abbey and Kanga [66] to closely resemble Cerelac, a commercially available weaning food.
Blends prepared from wheat flour, rice flour, and milk powder in the ratio of 30:30:40 were found to be an ideal food for infants [67] . The quantities of lecithin, sugar, and salt added were 1.3, 4, and 0.7 g per 100 g of the blend mixture, respectively. The mixture was mixed with water and cooked at 100°C and then oven dried at 60° to 70°C for 12 hours. Vanilla, 0.1 g per 100 g of the dried sample, was added. The mixture was milled and then packed. The final blend had 11.8 g of moisture, 243.6 g of total solids, 28.9 g of protein, 17.7 g of lipid, 190.4 g of carbohydrate, and 5.7 g of ash per 255.2 g. A fermented weaning food based on germinated sorghum, ungerminated wheat, germinated maize, and 5% soybean has been recommended as an ideal weaning food [68] . Maize and sorghum were soaked in water for 18 hours at ambient temperature (30°-32°C). The seeds were germinated at 30°C for four days. The dried germinated and ungerminated seeds were separately milled and stored at 5°C. About 150 g of the blends of cereal flour were separately weighed and sterilized at 121°C for 10 minutes, and soybean flour was aseptically incorporated into the blends at 5% w/w. The flour was stirred with a glass rod, followed by the addition of 500 ml of sterile water. The resulting mixture was inoculated with 1 ml each of Saccharomyces cerevisiae and Lactobacillus plantarum (3 X 10 6 CFU/ml). Fermentation was carried out at 30°C for 24 hours. The porridges met the requirements for an infant weaning food in terms of protein, mineral, vitamin, and amino acid contents.
Conclusions
Weaning foods with good protein quality and energy density can be prepared by processing a variety of raw materials. Using 0.2% α-amylase or 5% barley malt at the commercial level can combat the high viscosity of cereal-based weaning foods. The main criterion is to satisfy the daily requirements of an infant receiving two or three feedings per day while at the same time meeting the quality standards prescribed by the legislation of the concerned country. It is also desirable to formulate weaning foods that produce a calorie density of at least 1 kcal per milliliter of gruel. 
